Background Understanding the factors that affect water quality and the ecological services provided by freshwater ecosystems is an urgent global environmental issue. Predicting how water quality will respond to global changes not only requires water quality data, but also information about the ecological context of individual water bodies across broad spatial extents. Because lake water quality is usually sampled in limited geographic regions, often for limited time periods, assessing the environmental controls of water quality requires compilation of many datasets across broad regions and across time into an integrated database. LAGOS-NE accomplishes this goal for lakes in the northeastern-most 17 U.S. states.
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98
Findings
99
LAGOS-NE contains data for 51,101 lakes and reservoirs larger than 4 ha in 17 lake-rich U.S. states. The 100 database includes three data modules for: lake location and physical characteristics for all lakes; 101 ecological context (i.e., the land use, geologic, climatic, and hydrologic setting of lakes) for all lakes; and 102 in situ measurements of lake water quality for a subset of the lakes from the past three decades for 103 approximately 2,600-12,000 lakes depending on the variable. The database contains over 200,000 104 measures of chlorophyll concentration and almost 900,000 measures of Secchi depth. The water quality 105 data were compiled from 87 lake water quality datasets from federal, state, tribal, and non-profit agencies, 106 university researchers, and citizen scientists.
108
Conclusions
109
This database is one of the largest and most comprehensive databases of its type because it includes both 110 in situ measurements and ecological context data. Because ecological context can be used to study a 111 variety of other questions about lakes, streams, and wetlands, this database can also be used as the 112 foundation for other studies of freshwaters at broad spatial and ecological scales. 119  120  121  122  123  124  125  126  127  128  129  130  131  132   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65
Data Description
133
A major concern for water quality in freshwaters globally is cultural eutrophication, or excess 134 nutrient inputs from human activities that lead to increased plant and algal growth. In many parts of the 135 world, runoff from land, or nonpoint source pollution, has replaced discharges of sewage, or point-source 136 pollution, as the primary driver of lake and reservoir eutrophication [1] . In lakes and reservoirs, 137 eutrophication is expected to become more widespread in the coming decades as the human population 138 increases and climate and land use change commensurately, placing increasing pressures on freshwaters 139 [2, 3, 4] ; although, there is also recognition that eutrophication or its response to management actions does 140 not progress the same in all lakes (e.g., [5, 6, 7] ). Most research to understand lake nutrients and their 141 effects on algae, plants, and aquatic food webs has been conducted in individual or small groups of lakes 142 by studying the complex within-lake mechanisms that control responses to nutrients (e.g., [8, 9] ). Such 143 relationships and interactions have also been found to be influenced by the ecological context of lakes 144 (i.e., the land use, geologic, climatic, and hydrologic setting of lakes), which varies by lake and region, 145 and is multi-scaled. In fact, it is not always clear whether local or regional ecological context matters 146 more for predicting lake eutrophication (e.g., [10, 11, 12] ). Therefore, determining the current extent of 147 lake eutrophication and predicting how eutrophication will respond to future global change requires water 148 quality data (e.g., nutrients, water clarity, and chlorophyll concentrations) and measures of lake ecological 149 context across regions, the continent, and the globe (e.g., [13, 14, 15] ).
150
In practice, measures of water quality are often collected from a relatively small number of lakes 151 within individual regions. In the U.S., large investments have been made in water quality monitoring by 152 federal, state, local, and tribal governments; and, many, but not all, of the datasets have been placed in 153 government data repositories such as the USGS National Water Information System (NWIS) and the 154 USEPA Storage and Retrieval (STORET) database. Unfortunately, these data repositories do not 155 currently allow us to study lake water quality at broad scales. Despite the large number of water quality 156 records in these systems, a recent analysis of their stream nutrient data found that over half of the data 157 records lacked the most critical metadata necessary to make the data usable (e.g., chemical form,
158
parameter name, units; [16] ); and, we would expect a similar result with lake data because they are 159 typically treated similarly to stream nutrient data. In addition, STORET and NWIS do not include any 160 measures of lake ecological context. Therefore, to study the controls of eutrophication specifically, and 161 water quality in general, requires development of a comprehensive database for lake water quality that is 162 integrated with measures of lake ecological context and sufficient metadata for robust analysis.
163
We created such a database for thousands of inland lakes in 17 of the most lake-rich states in the 164 upper midwest and northeastern U.S. named LAGOS-NE, the 'lake multi-scaled geospatial and temporal 165 database' (Figure 1) . We avoided the problem of lack of metadata for the water quality data by contacting 166 the original data providers for water quality data, asking for metadata, and only including data for which 167 sufficient metadata were available. We addressed the problem of lack of ecological-context data by 168 creating our own database of lake ecological context. The detailed methods and approach for building this 169 database have been published previously [17]; here we publish and describe the database for the 51,101 170 lakes and reservoirs > 4 ha in the study area (1,800,000 km 2 ).
171
We had three related motivations for developing this database: (1) to facilitate further 172 development of our basic understanding of lake water quality at broad scales using water quality data on 173 thousands of lakes collected over the last several decades (see [11, 17] 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 LAGOS-NE is composed of three data modules that, although integrated in the same database,
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254
There were a number of constraints for each of the categories of data that had to be considered.
255
For creating the census population of lakes (i.e., their geospatial location, perimeter, and surface area), we 256 relied on a single source of data (the 1:24,000 National Hydrography Dataset (NHD) [21] 
260
We organized these three categories of data into database 'modules' that had similar data types 261 and sources so that we could develop procedures and set standards for each module (Figure 2 'lake' for LAGOS-NE has been developed only for the purpose of this database and its applications (e.g.,
319
to answer questions about lake water quality). The intent of LAGOS-NE is not to document and measure 320 the total number of water bodies in our study area, although we are able to perform this calculation for 321 lakes ≥ 4 ha, with an acceptable level of uncertainty (see below).
322
Definition of lake watersheds: We calculated lake watersheds as 'inter-lake watersheds' (IWSs) 323 defined as the area of land draining directly into the lake as well as the area that drains into upstream-324 connected streams and lakes < 10 ha ( Figure 3 ). We defined lake watersheds this way to define the 325 
365
The full description of error analysis for this module is described in Soranno et al. [17] . However,
366
here we briefly describe our efforts to determine the minimum area of a lake that we could confidently 367 represent using the NHD (further details located in Additional File 9 in Soranno et al. [17] 
496
Although it appears that total nitrogen is sampled far less frequently than total phosphorus, some labs 497 measure total nitrogen directly and report that single value, whereas other labs measure the constituents 498 that make up total nitrogen (total Kjeldahl nitrogen and nitrate+nitrite), and sum them together to 499 calculate total nitrogen. All of our analyses conducted on total nitrogen have used such calculated and 500 measured values of nitrogen together, which increase the sample sizes for total nitrogen markedly.
501
Most of our data came from state agencies, either alone or as part of joint programs with citizen 502 scientists or university researchers (Table 4) ; which highlights the importance of citizen science programs 503 for monitoring lake water quality in this lake-rich area of the U.S. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1 
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Research to date using LAGOS-NE
634
These two needs are not mutually exclusive--analyses that have helped contribute data to LAGOS-NE 635 have also addressed important ecological questions.
636
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